generation in a silicon strip waveguide through spontaneous four-wave mixing. This is achieved by employing on-chip photonic crystal based grating couplers for both low-loss fiber-to-chip coupling and on-chip generated noise spontaneous Raman scattering suppression. We measure a minimum heralded secondorder correlation of g (2) H (0) = 0.12, demonstrating that our source operates in the single-photon regime with low noise.
Quantum correlated photon pairs is a key resource in quantum optics research and applications e.g. quantum computing and quantum communication [1, 2] . Sources capable of producing such pairs are commonly realized by nonlinear optical phenomena such as spontaneous parametric down-conversion in second-order nonlinear media [3, 4] , or spontaneous fourwave mixing (SpFWM) in third-order nonlinear media [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] .
While the majority of initial experiments were carried out using optical crystals [3] , quasiphase matched waveguides [4] , or various optical fiber designs [5, 6] , the last decade has seen a transition towards using miniaturized waveguide platforms. As a result, correlated photonpair sources have been demonstrated in integrated platforms of crystalline silicon [7, 8, 9] , amorphous silicon [10] , silica [11] , silicon-nitride [12] , chalcogenide [13] , and AlGaAs [14] .
The silicon-on-insulator (SOI) waveguide platform is of particular interest due to its compatibility with complementary metal-oxide semiconductor (CMOS) technology and the mature fabrication methods allowing for reliable and reproducible results. The CMOScompatibility is an especially appealing feature of SOI photonics as it enables advanced onchip integration of various electrically or optically controlled components [16] . Furthermore, the capability of dispersion engineering through careful geometrical design, with a small footprint due to application of a high refractive index contrast material, makes SOI waveguides a natural platform for nonlinear optics [17] . The nonlinear response of silicon, however, also includes effects such as Raman scattering. Whereas spontaneous Raman scattering (SpRS) presents a serious noise source in amorphous silica, i.e. optical fibers, the main part of the silicon Raman response is a narrow-band peak located at a frequency shift of 15.6 THz, allowing easy filtering [18] .
The arguably most mature technology in quantum information science is quantum key distribution (QKD) [19, 20, 21] . Many schemes for enabling this technology require sources that emit single photons with low noise contamination, preferably at telecom wavelengths for low-loss propagation in optical fiber networks. Moreover, for QKD, it often suffices that the single photons are emitted in a probabilistic manner, as long as a trigger signal is provided.
This can be achieved simply by using a signal-idler photon-pair source, and letting the detection of the idler photon herald the presence of the signal photon, or vice versa. Such a heralded single-photon source can be constructed by using a continuous-wave (CW) pump laser to drive the photon-pair generation [22, 23] . CW lasers are cheaper, more compact, and more easily integrated on chip, than the pulsed laser alternative [22] . On the other hand, the narrow spectral linewidth of CW lasers lead to strong spectral anti-correlation in the signal-idler photon pair, which upon heralding projects the remaining single-photon into a spectral classical mixture [24, 25] . While such spectral anti-correlation may sometimes be desired, as it enables time-energy entanglement [26, 27, 21, 28, 29, 30] , it can easily be avoided by spectral filtering, or it can be used to construct multiple wavelength channels of correlated signal-idler photon pairs [31] . Furthermore, a CW-pumped photon-pair source can be used not only for QKD purposes, but also for other quantum protocols, like covert quantum communications and quantum secure direct communications, where the uncertainty of the photon-pair arrival time is used as a degree of freedom [32, 33] .
In this work, we demonstrate a CW pumped source of correlated photon pairs based on SpFWM in a silicon strip waveguide. The source utilizes a pair of photonic crystal based grating couplers (PCGCs) to effectively couple light in and out of the chip [34] . The PCGCs have a 3 dB transmission spectrum ranging from 1538 nm to 1567 nm, and the silicon Raman line is filtered by a minimum of 11 dB in the out-coupling grating. To characterize the source, the coincidence-to-accidental ratio (CAR) and the heralded second-order correlation g (2) H is measured, and the pair brightness is calculated. By utilizing PCGCs and thorough filtering it has been possible for us to achieve a record high CAR of 673. The noise in the system is comprised of SpRS, pump-amplified spontaneous emission (ASE) side-band noise, pump leakage, and dark counts from the detectors. To achieve a high CAR, the background noise should be extinguished to a level of −140 dBm. This corresponds to a photon rate, which is close to the noise floor of 50 Hz in the detectors. The SpRS from the silicon waveguide is filtered by the out-coupling PCGC with a minimum insertion loss of 11 dB, which is verified by measuring the broadband spectrum, see Fig. 1(c) . This on-chip filtering of SpRS is not achieved in more broadband PCGCs or when using butt-coupling with lensed fiber. The pump SNR is approximately 150 dB, which is achieved by launching a strong seed to the EDFA, and using TBPFs to quench the side-band noise. Pump photons are removed by a cascade of AWGs and TBPFs, where the signal and idler are also separated. After propagation through the system, the side-band noise and pump leakage are at −140 dBm.
To quantify the photon-pair SNR, the CAR is calculated as
where N cc is the raw coincidence counts between detector H and A, see Fig. 1 , while N acc is the accidental coincidence counts. They are obtained through the coincidental-temporal histogram as seen in the inset in Fig. 2 , where the coincidence counts is the peak, and the accidental counts is the averaged background. The width of the peak is determined by the detector timing jitter of 300 ps, and thus in the CW regime the obtainable CAR is directly limited by the detector jitter. This is in contrast to a pulsed pump configuration, where the CAR in most cases is limited by the pump pulse duration [6] .
In Fig. 2 at a larger value of Φ NL [37, 15] , and this therefore directly illustrates the effective noise suppression in our experiment. The CAR is reduced to 26 at P p = 9.5 mW, which is still an acceptable noise figure for e.g. QKD [21, 19, 20] .
The coincidence and accidental coincidence counts are shown in Fig. 3 . The coincidence counts has a fitted slope of 1.81, which is consistent with the pair rate being proportional to Φ 2 NL [38] . The point corresponding to the highest pump power is omitted from the fit due to onset of detector saturation. The accidental counts increase with a slope of 2.42, which is consistent with N acc ∝ (N pair,i + N R,i + N dark /η i )(N pair,s + N R,s + N dark /η s ), where N dark is the dark counts, N pair,u is the counts from four-wave mixing, N R,u is the counts from SpRS, and η u is the detector efficiency in channel u [6] . Since N pair is quadratic in power, N R is linear in power, and N dark is constant, N acc has a fourth-order polynomial dependence on pump power. The fit indicates that we are in the region, where the second-order term is dominant. Notice also that the coincidence counts are 1-3 orders of magnitude larger than the accidental coincidence counts. The free-carrier absorption becomes significant only when the pump power exceeds 50 mW, and we thus neglect its impact in the considered regime [39] .
In addition, we define the brightness B of our photon-pair source according to [40] All points are obtained from 600 s measurements. In the linear fits y = log 10 (N cc ) and x = log 10 (P p /mW).
where N cc /∆t is the measured coincidence-count rate in the time window ∆t, and ∆λ is the FWHM of the wavelength channels of 0.4 nm. At a pump power of P p = 1 mW, where the obtained CAR is approximately 400, the measured brightness of our source is B det = 5 (s mW nm) −1 . By accounting for all losses succeeding the silicon waveguide (output PCGC, AWGs, TBPFs and SPDs), we estimate the internal, i.e. in-waveguide, photon-pair brightness as B est = B det /(α s α i ), where α s(i) is the combined collection efficiency in the signal (idler) path [40] . With a total estimated loss of 22.7 dB and 23.1 dB in the signal and idler arm, respectively, we find B est = 1.9 × 10 5 (s mW nm) −1 . This internal brightness is comparable to what has previously been demonstrated in silicon strip waveguides [8] . Moreover, our brightness is on the same order of magnitude as sources based on slow-light enhanced waveguides, since these, despite an increased nonlinearity, suffers from higher waveguide losses [37, 15] .
To ensure that the source is operating in the single-photon regime, the heralded secondorder correlation function g H (τ) is given as [15] 
where τ is the relative time delay between detectors A and B, N H is the signal photon count, N HA is the coincidence counts between detectors H and A, N HB is the coincidence counts between detectors H and B, and N HAB is the triple count events between all three detectors.
The second-order correlation function at zero relative time delay g
H (0) is measured for varying pump power and shown in Fig. 4 . At all pump powers g (2) H (0) is less than 0.5, indicating that the source is operating in the single-photon regime [44] . The value of g (2) H (0) decreases with pump power with the lowest obtained value g (2) H (0) = 0.12 at 3.5 mW pump power. To ensure that the coincidence window encompasses all three detectors, the coincidence window is 2.5 ns, while the detector timing jitter is 300 ps, and the temporal width of the heralded photon wavepacket is estimated to be around 10 ps. At a nonlinear phase shift of Φ NL = 0.02 using 10 mW of pump power, noise photons are thought to be the main contribution to the non-zero value of g (2) H (0). The relatively large coincidence window increases the risk of coincidence events resulting from these noise photons.
To investigate the variation of g . Due to coupling drift during the time-consuming measurements, the pump power was measured to vary between 3 mW and 4 mW. For our measurements performed at non-zero delay, i.e. τ = ±10 ns and τ = ±25 ns, the value of g (2) H (τ) is unity within the error bars, as expected in the asymptotic limit.
Although the experiments in this work demonstrate how thorough suppression of various noise sources enables an ultra-low noise photon-pair source from a silicon straight waveguide, it presently comes at the cost of relatively low coincidence count rates. This issue can, in future work, be mitigated by integrating efficient on-chip filtering [41] and using SPDs exhibiting low dead time and near-unity efficiency [42, 43] .
In conclusion, we have demonstrated a CW pumped grating-coupled silicon waveguide as a heralded single-photon source. Single-photon operation was demonstrated by measuring a second-order correlation of g (2) H (0) = 0.12. Due to the large suppression of pump leakage and pump side bands, we obtain a CAR of 673, which, to the best of our knowledge, is the highest reported value for CW-pumped silicon straight waveguides. Photonic crystal based grating couplers were used for on-chip filtering of generated Raman-scattering noise, and in general the low noise contamination in this experiment shows the importance of thorough noise suppression.
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